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Abstract. - We investigate the potential of the ATLAS detector to discover trilepton
final state signatures from decays of supersymmetric particles at the LHC. An inclusive
and an exclusive trilepton search have been conducted for a range of different mSUGRA
scenarios, in the focus point region, in the bulk region, and at the edge of the current
experimental limits on SUSY. It is found that a simple inclusive selection, based on the
presence of three leptons and at least one high-pT jet in the final state, has the potential
to be an excellent candidate for an early physics programme at the LHC. The exclusive
trilepton selection, optimised for the focus point region, relies on stringent lepton track
isolation and also includes cuts on variables such as transverse missing energy and on the
hadronic activity in the event. In a heavy SUSY scenario, where all scalar and coloured
sparticles may be too heavy to be observed at the LHC, hadronically quiet trilepton final
states could be amongst the few accessible channels to discover SUSY.
The ATLAS experiment is dedicated to searching for new physics at the TeV scale. Su-
persymmetry (SUSY) [1], [2] is a widely favoured beyond the Standard Model (SM) theory
that introduces a symmetry between fermions and bosons resulting in a large spectrum of new
particles. These, depending on the parameters of the theory, could be produced in the 14 TeV
ECM proton-proton collisions at the LHC. If these new massive SUSY particles are created
at the LHC they could decay to known, detectable SM particles and, in R-parity conserving
models, the Lightest Supersymmetric Particle (LSP), which will escape detection. The strik-
ing signature of SUSY decays resulting in three leptons and missing transverse energy is one
of the ’golden’ channels for SUSY [3]. Trilepton signatures are an important signature in AT-
LAS, despite their low statistics, since backgrounds are greatly reduced by the clean leptonic
event topology, and the application of a minimal number of event selection cuts could yield a
SUSY discovery signal at the LHC.
A number of benchmark scenarios have been identied to address the discovery poten-
tial of ATLAS for as many SUSY signatures as possible. Three WMAP [4] compatible
mSUGRA points have been chosen for the trilepton analyses: in ATLAS jargon, SU2 (focus
point region), SU3 (bulk region) and SU4 (low mass region). The mSUGRA parameters
for these points can be seen in Table 1, together with the corresponding total and trilepton
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Benchmark Point SU2 SU3 SU4
mSUGRA Parameters
m0 3550 100 200
m1/2 300 300 160
A0 0 -300 -400
tanβ 10 6 10
sgn(µ) + + +
Cross Sections
σtot [pb] 7.18 27.68 402.19
σ3` [pb] 0.07 0.30 2.49
Table 1: Values of the mSUGRA pa-
rameters for the three SUSY bench-
mark points considered in this study.
Energy units are in GeV. The NLO
cross-sections have been computed with
Prospino 2.0.6 [5].
cross-sections (where trilepton cross-sections have
been computed using generator level information).
The focus point region is characterized by multi-TeV
masses for squarks and sleptons, a relatively lighter
gluino, and gauginos with masses in the range of a
few hundred GeV. The bulk region provides a low
mass SUSY spectrum, with all particles well within
the LHC energy reach and events typically character-
ized by long decay chains through squarks and slep-
tons. The low mass region is similar to the bulk re-
gion but with lower SUSY particle masses. This low
mass region is at the edge of current experimental
limits on SUSY and could be discovered very early
on at the LHC.
Trilepton SUSY signatures are usually dominated by the decays χ02 → `+`− χ01 and
χ±1 → `±ν χ01 , via intermediate sleptons in SU3 or via virtual bosons in SU2 and SU4. These
gauginos may be produced directly, or as decay products of gluinos and squarks, where they
will also be accompanied by high pT jets. The SM backgrounds considered in this study are
t flt, Zb, ZW , ZZ, WW , Zγ , of which t flt, Zb and ZW turn out to be the most dangerous. For the
SM processes, lters were used at generator level to enrich the samples in events containing
relevant signatures, such as high-transverse momentum (pT ) leptons.
Leptons are dened in this analysis as electrons or muons with pT > 10 GeV and pseu-
dorapidity |η | < 2.5 using standard ATLAS reconstruction algorithms. Leptons must be
isolated, such that the total transverse energy in a cone of radius ∆R =
√
∆φ 2 +∆η2 = 0.2
around the lepton is required to be less than 10 GeV. Jets are dened in this anlysis using a
standard ATLAS cone jet algorithm with ∆R = 0.4, with pT > 10 GeV and |η |< 2.5.
To achieve the best possible sensitivity for the three benchmark points considered, an
inclusive analysis has been performed for the three scenarios for an integrated luminosity of
1 fb−1. An exclusive analysis has also been studied to optimise the selection of a trilepton
No Cut N` p jet1T
SU2 ∼ 7.1×103 ∼ 35 ∼ 15
SU3 ∼ 2.7×104 ∼ 140 ∼ 95
SU4 ∼ 4.0×105 ∼ 1300 ∼ 310
tt¯ ∼ 4.4×105 ∼ 445 ∼ 10
Zb ∼ 1.6×105 ∼ 660 ∼ 0
ZW ∼ 1.6×104 ∼ 190 ∼ 0
ZZ ∼ 3.8×103 ∼ 60 ∼ 0
WW ∼ 4.0×104 ∼ 5 ∼ 0






Table 2: Number of surviving
events and S√B as the inclusive
trilepton selection cuts are applied.
All values are normalised to 1 fb−1
of data.
signal in the focus point region, where a higher integrated
luminosity of 10 fb−1 is considered due to low statistics
associated with the channel. Optimisation of the event se-




The event selection for a SUSY inclusive trilepton sig-
nal is given by:
1. N` ≥ 3;
2. N jet ≥ 1 and p jet1T > 200 GeV.
where N` is the number of leptons and p jet1T is the trans-
verse momentum of the leading jet. The number of SUSY
and SM background events as the inclusive event selection
progresses is shown in Table 2, together with the S/
√
B,
where it is evident that the requirement of at least three
leptons in the event heavily suppresses all the SM back-
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grounds. The additional request to have at least one high pT jet in the event removes virtually
all the remaining Zb and diboson backgrounds, which have soft jets or little hadronic activ-
ity, respectively. The common cut at p jet1T > 200 GeV is not optimal for all the three SUSY
points, but is chosen as a compromise that is effective for all three scenarios. A handful of
t flt events do survive the inclusive trilepton event selection, but in numbers that do not war-
rant any further discrimination. Unlike a typical SUSY selection, missing transverse energy
( /ET ) is not used here, making this selection good for early physics searches where the /ET
systematics may not yet be fully understood.
If nature gives us a SUSY scenario where all coloured sparticles (possibly including the
gluino) are beyond the reach of the LHC, leptonic decays of directly produced gauginos could
become one of the preferred modes to search for SUSY. Thus, the exclusive trilepton SUSY
selection is principally aimed at selecting the direct gaugino pair component of the signal in
the focus point region of the parameter space.
The event selection for an exclusive direct gaugino SUSY trilepton signal is given by:
1. N` ≥ 3;
2. ≥ 1 Same Flavour Opposite Sign (SFOS) lepton pair;
3. Lepton track isolation (within ∆R = 0.2): pmaxT < 1, 2 GeV (for µ , e respectively);
4. Veto on Z mass window: |MSFOS−MZ |> 10 GeV;
5. /ET > 30 GeV;
6. Jet veto: leading jet p jet1T < 100 GeV;
7. Lepton normalised impact parameter: maximum IPN < 6.
where pmaxT is the highest pT track found around the tracks of the three leptons and IPN is
the lepton impact parameter (d0) normalised to its error (σd0). The number of SUSY and SM
background events as the exclusive event selection progresses is shown in Table 3, where once
again it can be seen that the trilepton requirement provides excellent suppression of the SM
backgrounds. The selection of a SFOS lepton pair reduces the trilepton t flt component, which
has random sign and avour combinations, while tight lepton track isolation constraints pro-
vide a powerful rejection against both t flt and Zb. Removing events with SFOS lepton pairs in
the Z boson mass window results in a large reduction of all the SM backgrounds that contain
a Z boson, with a small /ET requirement that works to remove the surviving Zb contribution.
Finally, demanding an upper limit on the leading jet pT and on the highest lepton IPN value
in the event, not only signicantly reduces the t flt background, but also achieves a complete
separation of the gaugino pair component of the signal from the rest of the SUSY events. It
No cut N` SFOS Track Isol. Z-window /ET Jet Veto IPN
SU2 χ˜ χ˜ ∼ 6.4×104 ∼ 185 ∼ 180 ∼ 155 ∼ 120 ∼ 100 ∼ 85 ∼ 80
SU2 non-χ˜ χ˜ ∼ 7.1×103 ∼ 165 ∼ 125 ∼ 95 ∼ 85 ∼ 85 ∼ 0 ∼ 0
tt¯ ∼ 4.4×106 ∼ 4440 ∼ 2810 ∼ 635 ∼ 510 ∼ 475 ∼ 330 ∼ 180
Zb ∼ 1.6×106 ∼ 6615 ∼ 6565 ∼ 2425 ∼ 385 ∼ 0 ∼ 0 ∼ 0
ZW ∼ 1.6×105 ∼ 1930 ∼ 1910 ∼ 1680 ∼ 320 ∼ 220 ∼ 215 ∼ 205
ZZ ∼ 3.8×104 ∼ 590 ∼ 580 ∼ 475 ∼ 55 ∼ 15 ∼ 10 ∼ 10
WW ∼ 4.0×105 ∼ 35 ∼ 25 ∼ 10 ∼ 10 ∼ 10 ∼ 10 ∼ 0
Zγ ∼ 3.3×104 ∼ 95 ∼ 90 ∼ 30 ∼ 5 ∼ 5 ∼ 5 ∼ 5
χ˜ χ˜ = S S/
√
B 1.6 1.6 2.1 3.2 3.5 3.6 4.1
Table 3: Number of surviving events and S/
√
B as the exclusive trilepton selection cuts are applied.
All vaues are normalised to 10 fb−1 of data. The SU2 sample has been separated into two components:
events from directly produced gaugino pairs (“χ˜ χ˜”) and all the other SU2 events (“non-χ˜ χ˜”).
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should be noted that ZW events with an off-mass-shell Z boson remain as an irreducible SM
background, due to their genuine similarity to the signal process.
]-1 L dt [fb∫
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Figure 1: Signal significance as a function of the
integrated luminosity, for the trilepton analyses in
the absence of all systematic errors.
The signal signicance S/
√
B is shown
in Figure 1 as a function of the integrated lu-
minosity
∫
L dt for the inclusive and exclu-
sive analyses in the absence of systematics
not considered here. It shows that the inclu-
sive trilepton signature is an excellent can-
didate for early discovery of new physics at
ATLAS, in particular for the low mass sce-
nario, where 5σ discovery could be reached
with early data. It is seen for the exclu-
sive SU2 analysis that, despite not being an
early physics channel, gaugino pair produc-
tion and decay to a trilepton nal state at the
focus point provides an achievable goal with
moderate statistics.
Conclusion
Strategies have been developed to search for SUSY in both the inclusive and the exclusive
trilepton channels and for a range of benchmark mSUGRA scenarios [6]. The very simple
inclusive trilepton selection is a strategy that easily lends itself to an early physics programme
at the LHC. In the absence of systematic effects, a 5σ discovery can be achieved for the
inclusive trilepton channel with accumulated statistics between a few hundred pb−1 and few
fb−1, depending on the considered benchmark scenario. An exclusive trilepton search has
also been performed to look for trilepton signals from directly produced gaugino pairs, which
is particularly important in the focus point region, where scalars are too heavy to be within
the LHC energy reach. In the absence of systematic effects, a 5σ discovery can be achieved
for the exclusive trilepton channel with an integrated luminosity of few tens of fb−1.
With a general and robust strategy now developed, future work on the trilepton channel
will have to be directed towards a number of outstanding issues. The most prominent of these
is the development of data-driven techniques for SM background estimation. Equally impor-
tant will also be the determination from real data of quantities such as lepton identication
and reconstruction efciencies and fake rates, as well as trigger efciencies. A detailed un-
derstanding of the jet energy scale, of the total missing transverse energy, as well as of lepton
isolation and impact parameter will also be very important to establish. Realistically, these
goals will not all be realised with the very earliest data from ATLAS and any new physics
searches will follow after understanding the systematics, detector, trigger and reconstruction
performance.
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